INTRODUCTION
Cuttlefish and their presumed fossil relatives were investigated as part of a larger study of functional groups in faunas from possible past sea-grass. Currently cuttlefish have a wide geographical coverage except for the New World (Neige, 2003a (Neige, , 2003b and can be found in a number of marine environments. They have been recorded from seagrass (Jager, 1993; Rueda et al., 2 2009; Cox and Scholar, 2017; O'Brien et al., 2017; Petović et al., 2017) , mangrove (Pawar, 2012) and in the green alga Caulerpa prolifera from Crete (eastern Mediterranean) (Koulouri et al., 2016) . Zavodnik et al. (2006) provided an exhaustive faunal list from seagrass related environments around Pag Island (Adriatic Sea, Croatia), which included Sepiidae (Table 1) .
Seagrass provides an important nursery for cuttlefish, which lay their eggs on the plants (Ezzedine-Najai, 1997; Bloor et al., 2013a; Jackson et al., 2015) . Shelter and nursery for fossil as well as extant cuttlefish may have been provided by seagrass (Bałuk and Radwański, 1977) . Predatory ambush hunters like cuttlefish would find seagrass attractive.
Tracking tagged cuttlefish in the gulf of Tunis, which is a major seagrass area in the Mediterranean (Telesca et al., 2015) , showed they moved towards the littoral zone during the spawning season (Ezzedine-Najai, 1997) . Some species of cuttlefish are involved in commercial fisheries, which would be adversely affected by seagrass decline TABLE 1. Comparison of selected genera from seagrass biota of the middle Miocene (Korytnica Clays, Poland) (Szczechura and Aiello, 2003; Bałuk, 1975; Bałuk, 1977; Kowalewski, 1990; Mączyńska, 1987; Radwańska, 1992) ; early Pleistocene (Rhodes, Greece) (Koskeridou et al., 2019; Moissette et al., 2007 Moissette et al., , 2016 and Recent seagrass fauna from Pag Island (Adriatic Sea, Croatia) (Zavodnik et al., 2006) . All fauna can be found in other environments. Similar taxa have been used from the fossil record to interpret past seagrass in this account. (Jackson et al., 2015) . Cuttlefish spent about 20% of their time in seagrass with juveniles spending more time than other commercial forms (Jackson et al., 2015) , presumably using seagrass as a nursery. Bloor et al. (2013b) noted that Sepia officinalis moved in and out of seagrass environments. There are ~100 living species mostly attributable to Sepia (Neige, 2003b) . Košťák et al. (2016) indicates a similar fossil number, mostly belosaepiids sensu lato, with only ~20 species related to Sepia.
Extant cuttlefish are likely to be in seagrass environments, which are utilised for feeding, spawning and as a nursery. This account indicates that this may be an old relationship possibly established during the early appearances of seagrass in the late Cretaceous. Although sepiids may have had an origin in the Early Cretaceous (Kröger et al., 2011) , the first fossil evidence is from the Late Cretaceous . A molecular age suggests a separation age of 88 Ma for sepiids (Tanner et al., 2017) , just prior to the appearance of seagrass in the early Campanian (Late Cretaceous).
Fossil cuttlefish are comparatively rare, consisting of the cuttlebone or its fragments. There is a single record of cuttlefish statoliths from the middle Eocene of France (Neige et al., 2016) . Part of this rarity may be due to the fibrous, aragonitic nature of the cuttlebone (Checa et al., 2015) as well as preservational conditions.
METHODS
Extensive use of the Paleobiology Database (https://paleobiodb.org) was made. This involved literature searches noted for cuttlefish records and associated faunas using appropriate key words such as cuttlefish, Cephalopoda and Sepiidae. The recorded associated faunas which emerged were then searched for possible seagrass indicators. For a few results, no associated faunas could be found. These mostly compose the ~20% of records for which no past seagrass relationship could be interpreted. Online literature searches provided further information on Recent and fossil faunas related to cuttlefish sites (Figure 1) .
The Paleobiology Database is a widely used resource for inputting and extracting information on fossil taxa and fossil faunal assemblages. The Paleobiology Database can be accessed directly or through Fossilworks: Gateway to the Paleobiology Database (fossilworks.org). It can be referred to as PaleoDatabase and accession to data results in a number referring to the faunal assemblage. In this account, such numbers are prefixed by PDB.
These faunal assemblages have a primary reference, but the faunal assemblage may contain information from other references. A `more details` link leads to other related faunas.
Since seagrass has low preservation potential, (only three of the results used here record seagrass), several indications for past seagrass have been used. This multiproxy approach overcomes problems where indicators may be found in other environments as well as seagrass. Seagrass often has a large fauna with extensive diversity of abundant foraminifers, especially large benthic foraminifera such as Amphistegina, Peneroplis and soritids, molluscs (bivalves, including lucinids and pinnids and gastropods such as Smaragdia, Jujubinus, Atys, Bittium, Tricolia, and rissoids), ostracods, fish (Sparidae, Sygnathus), palaeophiid snakes and presence of sirenians (Domning, 2001; Brzobohatý et al., 2007; Vélez-Juarbe, 2014; Reich, 2014; Reich et al., 2015; Forsey, 2016; Koskeridou et al., 2019) . Past seagrass interpretations were accepted for the presence of seagrass and those made by earlier authors. Interpretations made here were based on the presence of indicators noted.
Available literature to find cuttlefish records have been used but there are others which have not been located, particularly to older literature. Often, although extant Sepia is recorded as associated with seagrass, other elements of the fauna are not given. An example from Pag Island (Croatia) (Zavodnik et al., 2006) provides selected details of an extant warm temperate seagrass fauna compared to a fossil fauna from the early Pleistocene (Rhodes, Greece) (Moissette et al., 2007 (Moissette et al., , 2016 Koskeridou et al., 2019) (Table 1) . Similar taxa have been used from the fossil record to interpret past seagrass in this account.
RESULTS
Considering that cuttlefish apparently spend a minority of their time in seagrass and some in areas in proximity to seagrass, the results indicate a closer relationship of cuttlefish to past seagrass than may have been anticipated. Around 80% of the records indicate a possible relationship between cuttlefish and seagrass. Figure 1 indicates distribution of fossil cuttlefish and other records used in this account. About 20% (seven records) of faunal records contained seagrass or had previously been interpreted as seagrass. The results have been divided into two sets; Late Cretaceous-Eocene and Oligocene-Pleistocene. Hewitt and Jagt (1999) described Ceratisepia vanknippenbergi from a fine-to coarse-grained calcarenite at the base of the Gronsveld Member (late Maastrichtian) at the ENCI-Maastricht BV quarry (Maastricht, Netherlands). From the same quarry and member, Duffin and Reynders (1995) provided a list of the associated biota including the seagrass Thalassocharis bosqueti and Pinna gr. cretacea. Jagt et al. (2019) recorded seagrass accumulations including a pinnid from the Gronsveld Member. Also associated was a scaphitid ammonite, sharks and a mosasaur, the latter two possibly being cephalopod predators. Meyer (1993) described Ceratisepia elongata from the limestones of the Calcaire de Vigny Formation (early Paleocene) of Vigny (France) from where Pacaud et al (2000) recorded an extensive molluscan fauna containing three lucinid bivalves and the seagrass associated gastropods Jujubinus and Rissoina indicative of seagrass (PDB [=Paleobiology Database accession number] 20816). The presence of potamidid and batillariid gastropods are suggestive of an input from mangrove mud flats. Košťák et al. (2013) recorded Aegyptosaepia lugeri and incompletely preserved remains of ?Anomalosaepia from marls of the Garra Formation (late Paleocene) of the Western Desert (Egypt) (PDB 172932-172934) but without a fauna for seagrass interpretation Košťák and Hoşgör (2012) recorded a single specimen of Belosaepia sp. from the thin-bedded argillaceous limestones and mudstones of the Kavalköy Formation (Ypresian, early Eocene) of Cilo, Turkey. They dated this on the basis of larger benthic foraminifera, including soritid and Alveolina, which are suggestive of seagrass (Košťák and Hoşgör, 2012) .
Late Cretaceous-Eocene
Belosepia pennae was recorded from several localities from shallow subtidal, sandy claystones of the Marquez Shale Member (Reklaw Formation, Ypresian, early Eocene of Texas, USA) with extensive molluscan faunas including lucinids ?Atrina, ?Pinna sp. and the seagrass associated gastropod Bittium spp. (Garvie, 1996; PDB 7788, 7789, 83950, 84337) .
From shallow subtidal, glauconitic marl from Hatchetigbee, Washington County, Alabama (USA) Hatchetigbee Bluff Member (Hatchetigbee Bluff Formation, Ypresian, lower Eocene), Toulmin (1977) recorded a molluscan fauna with a lucinid and Belosaepia indet. (PDB 80792).
A large molluscan fauna with no seagrass indicators recorded from shallow subtidal, glauconitic, calcareous sandstone from Lisbon, Choctaw County (Alabama, USA) (Lisbon Formation, Lutetian, middle Eocene) contained Belosaepia veatchi (Toulmin, 1977; PDB 81224) .
From the Lower Lisbon Member (Lisbon Formation, Lutetian, middle Eocene) of Monroe County (Alabama, USA) from a glauconitic, silty, calcareous sandstone Belosaepia saccaria and Belosaepia uncinata were recorded associated with a small gastropod fauna with no seagrass indicators (Palmer and Brann, 1965; PDB 92351) . From the Upper Lisbon Member Belosaepia alabamensis, Belosaepia harrisi, Belosaepia uncinata were recorded from a large molluscan fauna containing lucinids (Palmer and Brann, 1965; PDB 98355) .
A large molluscan fauna from temporary exposures of sandstone of the Nummulites laevigatus Bed (Earnley Formation, Lutetian, early Eocene) of Hampshire, England (PDB 3258), was recorded by Bone et al. (1991) , which included Belosepia sepioidea, four lucinids, seagrass associated gastropod Rissoina and labrid fish (Labrus) suggests a seagrass environment. Associated vertebrates included sharks as possible predators and cheloniid and palaeophiid reptiles (PDB 4187).
Williams ( Brignon (2018) indicated that a vertebra previously identified as crocodile from the London Clay of Sheppey was that of the palaeophiid snake Palaeophis toliapicus. Tracey et al (1996) recorded an extensive molluscan fauna from a glauconitic, argillaceous, silty sandstone from the Selsey Formation (Lutetian, middle Eocene) from Selsey (West Sussex, England) containing Belosaepia sepioidea, the seagrass Posidonia sp., six lucinids, a pinnid, seagrass related gastropods (Alvania, Rissoina) and six potamidids (PDB 8124) suggestive of a seagrass community close to mangrove. Hewitt and Jagt (1999) noted several specimens of Belosaepia sepioidea from Barton, Hampshire, southern England, Barton Beds (Bartonian, middle Eocene). An extensive fauna from the glauconitic, sandy claystones of horizon A3 of the Barton Beds contained Belosepia sepioidea, a lucinid, potamidid and batillariid gastropods, seagrass associated gastropods (Alvania, Bittium), sparids Sparidarum Dentex and the extinct marine snake Palaeophis (Burton, 1933; PDB 42636) . Burton (1933) noted rhizomes from possible aquatic plants, which may have been seagrass. Stinton (1984) recorded sparid fish otoliths from Barton and elsewhere suggesting that there might have been seagrass meadows in southern England during parts of the Eocene. The fauna suggests seagrass presence in the early part of the Barton Beds (Middle Eocene) associated with mangroves.
Belosepia proxima was recorded from glauconitic sandstone from Boekelo (Netherlands) (Bartonian, middle Eocene) in a molluscan fauna containing a lucinid (PDB 3718). Yancey et al. (2010) described the ontogeny of Belosaepia ungula based on 160 individuals, mostly consisting of the strongly calcified posterior portion of the skeleton, from the Crockett Formation (Bartonian stage, middle Eocene) of Texas compared to similar aged material in Mississippi, Alabama and elsewhere in Texas. No information was available to judge on past seagrass presence.
From offshore, glauconitic, argillaceous sandstone of the Stone City Formation (Bartonian, middle Eocene) from Burleson County, Texas Belosaepia ungulata with diverse fauna including a large molluscan fauna but no seagrass indicators was recorded (PDB 7439).
Belosepia sepioidea fragments were recorded from carbonaceous shale and claystone associ-6 ated with an estuarine molluscan fauna containing Pinna, several lucinids, the foraminifera Peneroplis and potamidids from Ameki (Nigeria, Ameki Formation, Lutetian, middle Eocene) suggestive of a seagrass environment with associated mangrove (Newton, 1922; PDB 51240-51242, 60711) . Belosaepia sepioides was reported from offshore shale of the Ilaro Formation (Lutetian) overlying the Paleocene of south-western Nigeria from a diverse fauna lacking seagrass indicators (PDB 77257). Neige et al. (2016) recorded coleoid statoliths from the middle Lutetian (middle Eocene) of Thiverval-Grignon (Paris Basin, France). They erected two new species, Sepia boletzkyi and ?Sepia pira for statoliths from beds 3b (clayey limestone) and 4a (glauconitic, calcareous sand) at the Thiverval-Grignon section. As well as the seagrass Cymodoceites (bed 3b) they also recorded the seagrass related soritid foraminifera Orbitolites (beds 3b and 4a). Bairdoppilata gliberti, Xestoleberis subglobosa and a rare loxoconchid were recorded from the same horizons (Guernet et al., 2012) . These ostracods were thought to be suggestive of seagrass (Forsey, 2016) . Sample PB4 of Dominici and Zuschin (2016) , approximately the same level as beds 3b/4a, contained the lucinid Parvilucina turgidula. Huyghe et al. (2012) recorded the lucinid bivalve Saxolucina saxorum and mud flat related gastropod Batillaria from higher up the sequence. Hence, cuttlefish remains were reported from a possible seagrass environment. Szôrényi (1934) recorded new species Sepia oligocaenica, Sepia harmati and Belosepia and erected the genus Archaeosepia for two species including a new species Archaeosepia naefi from the Lutetian (middle Eocene) of Tatabánya, Hungary. By not designating a type species she was in breach of the International Code of Zoological Nomenclature. Doyle et al. (1994) corrected this by erecting Hungarosepia with type species Archaeosepia naefi Szôrényi, 1934 . Kordos (2002 recorded a number of sirenian remains from the middle Eocene of Tatabánya, Hungary, indicating past seagrass proximity.
Fragments of Belosaepia blainvillei and B. dufouri were recorded from the shelly quartz sands of Bois-Gouët (Loire-Atlantique, France) (Bartonian, middle Eocene) from an extensive molluscan fauna including lucinids (Lebrun et al., 2012) .
The Gosport Sand (Bartonian, Middle Eocene) is highly fossiliferous with 495 molluscan species recorded from glauconitic, calcareous quartz sand, with carbonaceous shale (Pietsch et al., 2016) . Several Belosaepia species have been recorded from the Claiborne Bluff locality (Monroe County, Alabama, USA) from the Gosport Sand. These include, Palmer (1937) who recorded B. uncinata, B. alabamensis and B. harrisi; Palmer and Brann (1965) who recorded an extensive molluscan fauna including nine lucinids and seven species of Belosaepia Claiborne Bluff (PDB 90600 and other collections) and Allen (1968) who recorded beak fragments of Belosaepia vokesi. CoBabe and Allmon (1994) recorded four lucinids from extensive molluscan collections and the seagrass associated gastropod Atys (PDB 5320, 5321, 5322 and others). Arata and Jackson (1965) noted a record of a sirenian rib fragment from the Gosport Sand (Monroe County, Alabama, USA). These are suggestive of seagrass at the Claiborne Bluff locality. Outside of this locality Blake (1950) described ostracods from the Little Stave Creek (Clarke County, Alabama, USA, Gosport Formation, middle Eocene), including Bairdia, Bairdoppilata, Xestoleberis and Loxoconcha (PDB 94040), considered to indicate a past seagrass environment (Forsey, 2016) . CoBabe and Allmon (1994) (PDB 5318) noted the molluscan fauna from the same site, which included lucinid bivalves. Arata and Jackson (1965) recorded a sirenian rib fragment from Little Stave Creek (Gosport Formation). Haveles and Ivany (2010) indicated that the large size of some Gosport molluscs indicated a high productivity environment (such as might be found in seagrass). These records suggest that past seagrass environments may have been prevalent through the Gosport Sand Formation.
From the Cook Mountain Formation (Bartonian, Middle Eocene) of Texas and Louisiana (USA), Belosaepia uncinata, B. ungula, B. veatchi, B. stenzeli and B. jeletzkyi were recorded from small molluscan faunas without seagrass indicators (Allen, 1968; Palmer and Brann, 1965; PDB 92346, 98787, 99026) . Domning et al. (1982) recorded sirenians from Cook Mountain Formation of Texas. Fornaseiro and Vicariotto (1995) recorded Archaeosepia monticulimajoris from a shallow subtidal shelly argillaceous, calcareous marl (Marna di Priabona Formation, Priabonian, late Eocene) with a fauna including a lucinid from the Veneto Region of Italy (PDB 81043). Archaeosepia (and presumably Hungarosepia?) may represent the earliest representative of the Sepia lineage (Košťák et al., 2016) . Weaver and Ciampaglio (2003) proposed the genus Anomalosaepia with four species based on several hundred fragmentary specimens from spoil heaps from Martin Marietta quarries (New Hanover, Pender and Onslow counties, North Carolina, USA) from bryozoan-echinoid calcirudites and calcarenites from possibly the Comfort member of the Castle Hayne Limestone (Bartonian, middle Eocene). Sirenian fragments, molluscan faunas with lucinids, Strombus and schizasterid echinoids were recorded from the New Hanover and Pender localities (Kellum, 1926; Palmer and Brann, 1965; Domning et al., 1982; Powell and Baum, 1982; PDB 5436, 5437, 5366, 5386, 5367, 91736, 91737) indicative of seagrass across the Castle Hayne Limestone area in North Carolina. In addition, the palaeophiid snake Palaeophis grandis has been recorded from the Castle Hayne Formation (Anonymous, 2015, figure 11 ).
The belosaepiid, Mississaepia mississippiensis, was recorded from two fragments from the Town Creek, Jackson, Hinds County, Mississippi (Moodys Branch Formation, middle Eocene) (Weaver et al, 2010b) . The Moodys Branch Formation is a thin transgressive unit consisting of glauconitic sands and marls. Molluscan faunas containing lucinids and pinnid have been recorded from the Town Creek locality (Dockery, 1977; PDB 164232) indicative of past seagrass. Doguzhaeva et al. (2014) noted that taphonomic condition implied that Mississaepia mississippiensis was buried were it lived in waters estimated to be 25-50 m.
Allen (1968) recorded poorly preserved Belosaepia sp. from Moodys Branch Formation at Montgomery Landing (Grant County, Louisiana, USA). From the same site from argillaceous, calcareous siltstone molluscan faunas contained lucinid and pinnid bivalves, palaeophiid snake and schizasterid echinoids (Toulmin, 1977; PDB 1413 PDB -1415 .
Belosaepiids have been recorded from fossiliferous, blocky, blue-gray clay from the Miss Lite Clay Pit, Cynthia, Hinds County, Mississippi (Yazoo Clay, late Eocene) (Haasl and Hansen, 1996; Weaver et al, 2010b; PDB 6802) . Amongst, the recorded molluscan fauna were lucinid and pinnid bivalves, seagrass associated gastropod Bittium and a palaeophiid snake; a basilosaurid may have been a predator (Haasl and Hansen, 1996; PDB 6802) . Hence the presence of seagrass communities with cuttlefish may have continued for at least 7 million years in this area. A 90% extinction followed the Yazoo Formation (Haasl and Hansen, 1996) , which may relate to the lack of cuttlefish in the New World after the Eocene.
Possibly representing the last of the lineage, together with material from the Yazoo Clay above, Squires (1988) recorded fragmentary Belosepiidae indet. from the late Eocene Hoko River Formation, northwestern Washington (USA), near Kydikabbit Point, Neah Bay area (PDB 167461) . This also appears to be the last record of cuttlefish from the New World. The two specimens were situated near the separation of true Sepiidae from Belosepiidae (Squires, 1988) . No further evidence was available to ascertain seagrass presence. This is the first and last record of cuttlefish in the eastern Pacific. It would be interesting to know when cuttlefish and possibly seagrass entered this region of the world. Szörényi (1933) recorded Sepia harmati from Kiscell (Budapest, Hungary) from the Kiscell Clay Formation (Rupelian, early Oligocene). Several records of Sirenidae indet. and cf. Manatherium delheidi were noted by Szabó and Kocsis (2016) who also recorded a diverse shark fauna, indicative of seagrass proximity.
Oligocene-Pleistocene
Sepia oligocaenica was recorded from the Eger Formation (Chattian, late Oligocene) of Eger, Hungary (Szörényi, 1933) from where Nolf and Brzobohatý (1994) recorded a fish fauna, including juveniles and sparid fish, possibly indicating a fish nursery. Monostori (2008) recorded the ostracods Aurila?, Bairdia, Loxoconcha spp. and Xestoleberis spp. adding to an interpretation of past seagrass.
The Korytnica Clays Formation (Langhian, middle Miocene) was deposited in a small sheltered basin to the South of the Holy Cross Mountains, Poland. From the structureless clays a diverse and abundant fauna has been recorded. Bałuk (1977) recorded fragments of Sepia sanctacrucensis and conjectured that the cuttlefish migrated to the shallower parts of the Korytnica Clays basin for the breeding season. Bałuk (1975) recorded seagrass gastropods Smaragdia, Gibbula and Jujubinus as well as Sepia fragments. Bałuk and Radwański (1977) interpreted the Korytnica Clays as seagrass partly on the basis of presence of cuttlefish. Radwańska (1992) noted that the seagrass and algal environments of the Korytnica Clays would have provided predation possibilities for Sepia sanctacrucensis, which may have included the large diversity of sparid fish. Seagrass indicators included lucinid bivalves and the large benthic foraminifera Amphistegina (Hoffman, 1979 , Kowalewski, 1990 , Rögl and Brandstätter, 1993 . Szczechura and Aiello (2003) recorded ostracods including Aurila, Hemicytherura, Loxoconcha, Semicytherura and Xestoleberis, which they considered indicated a low-energy nearshore environment, most probably with plants, interpreted as seagrass (Forsey, 2016) . A diversity of sparid fish have been recorded including Boops, Diplodus spp., Pagellus spp., Pagrus, Dentex spp. and Spondyliosoma aff. cantharus (Śmigielska, 1979; Radwańska, 1992) . Some species were represented by juveniles, suggestive of a fish nursery. Seagrass conditions were prevalent in the Korytnica Clays. Košťák et al. (2016) recorded Sepia mikuzi from grey sandy/silty marlstones from Plesko, Slovenia (Langhian, middle Miocene). Sparid fish (Diplodus jomnitanus, Pagrus cinctus) and possible predatory shark Cosmopolitodus hastalis have been recorded from Plesko (Mikuž et al., 2013) .
Sepia juliebarborarum was recorded from calcareous claystone from the clay pit at Devínska Nová Ves, Bratislavia, Slovakia (Serravallian, middle Miocene) (Košťák et al., 2016) . Lucinid bivalves and seagrass associated gastropods Smaragdia Alvania spp., Rissoina spp., Tricolia spp., Gibbula and Jujubinus were recorded from the vineyard locality (PDB 73138). Gregorová (2009) described an articulated specimen of the sparid fish Diplodus sp from the brickfield at Devínska Nová Ves. Domning and Pervesler (2012) noted multiple records of sirenians from nearby localities at Devínska Nová Ves. Zlinská et al. (2013) recorded foraminifera and ostracods from shallow boreholes, the composite ostracod fauna of which contained Aurila spp., Bairdoppilata, Loxoconcha, Semicytherura and Xestoleberis, which has been interpreted as indicating seagrass (Forsey, 2016) . These all suggest the presence of past seagrass. Košťák et al. (2016) recorded Sepia vindobonensis from section B1 of Zuschin et al. (2004) from Grund, Austria (Langhian, middle Miocene) from which section a diverse molluscan fauna was recorded containing lucinids, seagrass associated gastropod Alvania spp. and potamidids (Zuschin et al., 2004) suggestive of seagrass with mangrove in proximity. Daxner-Höck et al. (2004) recorded sparid fish from section B1 and possible shark predators (PDB 51002). From sections nearby a diverse composite ostracod fauna (61 species) derived from several sections and samples included Aurila spp., Hemicytherura, Loxoconcha spp., Semicytherura spp. and Xestoleberis spp. was recorded by Zorn (2004) . The sediments have been interpreted as being influenced by storm events presumably explaining the mixture of marine and terrestrial fossils (Roetzel and Pervesler, 2004) .
Sepia vindobonensis was recorded from grey, clayey calcareous siltstones belonging to the Planostegina facies from Retznei, Austria (Langhian, middle Miocene) (Hiden, 1995; Košťák et al., 2016) . The large benthic foraminifera Planostegina is an indicator for seagrass (Kopecká et al., 2018) . Riegl and Piller (2000) noted a later carbonate buildup at Retznei represented by coral carpets, seagrass meadows and coralline algal beds with interbedded small patch reefs. Domning and Pervesler (2012) recorded sirenian fragments from the carbonate suggestive of past seagrass proximity.
Sepia aff. sanctacrucensis was recorded from a conglomerate within a shallow subtidal, sandy claystone sequence from a temporary excavation from a level corresponding to bed E2 of Zuschin et al. (2007) from Gainfarn, Austria (Langhian, middle Miocene). Zuschin et al. (2007) recorded a molluscan assemblage (PDB 174159) containing a lucinid bivalve and the seagrass associated gastropods Tricolia, Bittium, Gibbula and Smaragdia and suggested seagrass for the environment. A partial sirenian skeleton was recorded from this level (Domning and Pervesler, 2012) . Brzobohatý (1994) recorded a diverse fish fauna including sparids from Gainfarn.
Sepia from Poivre Formation (middle Miocene) Barrow island, Western Australia (Australia) in association with seagrass fauna including lucinid bivalves, foraminifera Marginopora vertebralis, Sorites spp., Elphidium, Amphistegina and Peneroplis spp. and the gastropod Thalotia was recorded by McNamara and Kendrick (1994) . McNamara and Kendrick (1994) conjectured that the Sepia specimen must have been washed onto a shoal, reminiscent of Recent cuttlebone strandings (Jongbloed et al., 2016) and rapidly covered with sediment.
Notosepia cliftonensis was recorded from shelly silty marl of Muddy Creek Marl Member (Port Campbell Limestone Formation, Langhian, middle Miocene) from near Hamilton, Victoria, Australia, with a fish fauna including sharks (Košťák et al., 2017 ; PDB 46165) without seagrass interpretation. Košťák et al. (2017) recorded Sepia sp. from a bioclastic limestone from Green Point Member, Gambier Limestone Formation (Langhian, middle Miocene), from Mount Gambier, South Australia (Australia) associated with seagrass associated foraminifera Cibicides, Elphidium spp. and Lobatula.
From the marls of Blue Clay (Tortonian, late Miocene) of Malta, Bianucci et al. (2011) recorded the presence of Sepia in the same sequence as sirenian and dolphin remains in a layer rich in fossils including bivalves and gastropods (PDB 121989) . From the top of the marls of the Blue Clay sequence, Hewitt and Pedley (1978) recorded three species of Sepia and noted the prevalence of the echinoid Schizaster. They also noted the possible depth of water as 150-200 m (Hewitt and Pedley, 1978) . Košťák and Jagt (2018) recorded fragmentary Sepia fabianschwankei from the sandy clays of a temporary exposure of the Meistermann clay pit (Twistringen Beds, Langhian, middle Miocene) Lower Saxony, Germany. From Twistringen, a rich, diverse fish fauna including Cosmopolitodus hastalis and Carcharodon megalodon was recorded but did not contain sparids (PDB 161965). Janssen (1972) recorded an extensive molluscan fauna from the Twistringen Beds containing Lucinoma borealis and the seagrass associate gastropods Alvania spp. and Bittium spp.
Sepia vandervoorti was recorded from the Köselerli Formation (middle Miocene) from Mut, Turkey, without associated fauna (Košťák et al., 2019) . Gaudant et al. (2010) described articulated fish remains from the Tortonian (late Miocene) of Pecetto di Valenza, Piedmont, Italy. These included a seagrass associate fish Syngnathus and related foraminifera. A single drifted, cuttlefish shell was found with oyster attached. This is one of the few fossil records, which meets expectations of drifted cuttlebones being preserved (Jongbloed et al., 2016) . A fragmentary Sepia sp. was recorded from Montaldo Roero, Italy (early Pliocene) (Košťák et al., 2019) . Mayoral and Muñíz (1994) recorded Sepia (Parasepia) melendezí from the Early Pliocene Huelva Sands of Lepe, southern Spain. The fauna from the lower Pliocene Huelva Sands Formation includes lucinid and pinnid bivalves (Mayoral and Reguant, 1995; Muñiz et al., 1999; Esperante et al., 2009) , seagrass ostracods including Aurila, Semicytherura, Hiltermannicythere, Xestoleberis and Loxoconcha, sparid fish (Esperante et al., 2009; Ruiz et al, 2008 Ruiz et al, , 2018 indicating proximity of seagrass. Possible predators include sharks Cosmopolitodus hastalis and Carcharocles megalodon and phocid seals (Esperante et al., 2009; García et al., 2009; Rahmat et al., 2019; PDB 15188) . The fauna associated with Zostera seagrass beds currently in the Bay of Cadiz include pinnid bivalve, Sepia, sparid fish, dolphin species, but lack lucinid bivalves (Aguilar et al., 2010) and hence resembles that of the Huelva Sands. Pasini et al. (2014) recorded Sepia sp. from clay sediments near Volterra (Pisa, Tuscany, Italy) (early Pleistocene). Since it was associated with a bathyal crustacean community, it is unlikely to have a seagrass connection.
DISCUSSION
The evidence presented here is not exhaustive. Entry into other and older literature on fossil cuttlefish can be found in Košťák et al. (2013 Košťák et al. ( , 2016 . Several aspects can be discussed from the evidence presented. These are noted in the following sections. Firstly, there is a strong relationship between fossil cuttlefish and seagrass environments. Next the apparent general rarity of cuttlefish is noted with respect to an outline of cuttlefish taphonomy. The history of cuttlefish related to seagrass is followed by a speculation about other Late Cretaceous cephalopods and seagrass. Finally, some aspects of cuttlefish ecology in seagrass can be determined including reproductive behaviour and cuttlefish prey and cuttlefish predators.
Cuttlefish and Seagrass
Seagrass has low preservation potential. Rare remains of seagrass have been recorded from the Late Cretaceous, with the earliest from the early Campanian (van der Ham et al., 2007) . The records of Late Cretaceous cuttlefish are hence relatively close to the first evidence for seagrass. About 80% of the records suggest a possible relationship between cuttlefish and seagrass, closer than may have been anticipated from extant cuttlefish. Cuttlefish utilise seagrass for reproduction, predation and shelter, which are discussed below.
The history of cuttlefish, from this account, appears to follow the development of seagrass in the North Atlantic area during the Late Cretaceous and its subsequent radiation along Tethys. In so doing cuttlefish were lost from the Old World, possibly by the end of the Eocene. Apart from Australia and India, there is a lack of records from the Indo-West Pacific, representing the greatest cuttlefish diversity currently.
There are several concentrations of records. For instance, belosaepiids have been recorded from the London Clay (Ypresian), Bracklesham Beds (Lutetian) and Barton Beds (Bartonian) of southern England, suggestive of continuous seagrass presence through the early-middle Eocene of England (Tracey, 1996; Hewitt and Jagt, 1999; Wil-10 liams, 2002) . Newton and Harris (1894) recorded Belosepia sepioidea, B. oweni and B. blainvillei from several early-middle Eocene localities in southern England some of which were noted in the Results. Belosaepia sepioidea was noted from the London Clay (Ypresian, early Eocene) of southern England but without localities (Hewitt and Jagt, 1999) .
Cuttlefish have not been recorded from some notable seagrass localities. For instance, Monte Bolca (Italy) is a well-studied lagerstätten of late Ypresian (early Eocene) age, known particularly for fish preservation (Bannikov, 2014; Marramà et al., 2016; Friedman and Carnevale, 2018) . Several sparid fish have been recorded together with seagrass fragments and a large molluscan fauna with several lucinid bivalves (Bannikov, 2014; Dominici, 2014; Marramà et al., 2016; Friedman and Carnevale, 2018) , but without any cuttlefish.
Taphonomy
Several aspects of the fossil history of cuttlefish remain enigmatic not least of which is their comparative rarity. Currently cuttlefish bones may be washed on to beaches around the UK and North Sea, sometimes in large numbers (Jongbloed et al., 2016) . These may be broken, show signs of being scavenged and may have organisms growing on them (Jongbloed et al., 2016) . Cuttlebones on modern beaches, all showing signs of scavenging, have been personally observed from North Norfolk, Poole Harbour, Studland Bay, Rhossili Bay (UK) and Sardinia in proximity to seagrass beds (Figure 2 ). There may be an expectation that cuttlefish might be as abundant as shelled cephalopods from the Palaeozoic and Mesozoic.
There are few fossil records meeting this expectation. For instance, McNamara and Kendrick (1994) conjectured that Sepia from Poivre Formation (middle Miocene), Barrow Island, Western Australia (Australia) in association with a seagrass fauna, must have been washed onto a shoal, reminiscent of Recent cuttlebone strandings (Jongbloed et al., 2016) and rapidly covered with sediment. Gaudant et al. (2010) noted a single drifted, cuttlefish shell with oyster attached from the Tortonian (late Miocene) of Pecetto di Valenza (Piedmont, Italy) associated with a seagrass fauna.
Although generally rare, past cuttlefish records vary from single occurrences (McNamara and Kendrick, 1994; Gaudant et al., 2010; Lebrun et al., 2012) , to many specimens (Weaver and Ciampaglio, 2003; Yancey et al., 2010; Košťák et al., 2016) and multispecies presence (Palmer, 1937; Palmer and Brann, 1965; Weaver and Ciampaglio, 2003; Košťák et al., 2016) . In several cases there is evidence for cuttlefish and seagrass being present over several million years (Weaver et al., 2010b; Tracey et al., 1996) .
Preservation of belosaepiids often consists of the strongly calcified posterior portion of the cuttlebone when hundreds of such fragments may be noted (Weaver and Ciampaglio, 2003; Yancey et al., 2010) . Although also consisting of fragments, some Sepia are well preserved as cuttle bones (Košťák et al., 2016) with rare soft part preservation. Soft tissue preservation (ink sac) of Sepia juliebarborarum from the Late Badenian (Serravallian, middle Miocene) of Devínska Nová Ves (Slovakia) and fragmentary Sepia fabianschwankei from the Meistermann clay pit (Twistringen Beds, Langhian, middle Miocene) (Lower Saxony, Germany) suggest rapid burial with intermittent hypoxia Košťák and Jagt, 2018) . have indicated that buoyancy mechanisms may limit cephalopod soft tissue preservation and may have implications for lack of fossilised cuttlefish. The record of Sepia statoliths from the middle Lutetian (middle Eocene) of Thiverval-Grignon (Paris Basin, France) (Neige et al., 2016) infers that the cuttlebone has gone and that soft parts have disintegrated or been eaten leaving only the aragonitic statoliths to be preserved.
The majority of cuttlefish fossils are associated with seagrass. More particularly they may have resulted from one key time in cuttlefish ontogeny, that of spawning. Possible taphonomy includes spawning followed by death. Most dying and dead cuttlefish will be predated and scavenged releasing the buoyant cuttlebone. Carcasses drift away and apparently usually vanish from the record. A small number are buried intact and then decay away leaving pristine shell and possible soft preservation Košťák and Jagt, 2018) . These are the ones which predominantly appear in this account. The scenario has a resonance with the only known spawning aggregation of cuttlefish in the world (Hall and Hanlon, 2002) . Large numbers of Sepia apama congregate over hard substrate for spawning in shallow water in proximity to seagrass in South Australia (Hall and Hanlon, 2002) . Some of these may have travelled up to 100 km (Payne et al., 2013) . The fossil record has captured this part of the narrative, but reasons why cuttlefish are not preserved elsewhere are not clear. This needs to be determined more fully. No records of taphonomic studies on cuttlefish bone have been found.
Cuttlefish History
There is a development from Ceratisepia (Late Cretaceous-Paleocene, Košťák et al., 2017) via Belocurta (early Paleocene: Avnimelech, 1958; Košťák et al., 2013) and Aegyptosaepia (late Paleocene: Košťák et al., 2013) to belosaepiids (Eocene) (Košťák et al., 2013, figure 11 ). Belosaepiids constitute the majority of Eocene records.
Belosaepiids gave rise to sepiids via archaeosepiids such as Hungarosepia (= Archaeosepia invalid) during the Eocene (Hewitt and Jagt, 1999; Košťák et al., 2016) . For instance, Fornaseiro and Vicariotto (1995) recorded Archaeosepia monticulimajoris (PDB 81043) from the Priabonian (late Eocene) of Europe. Neige et al. (2016) identified Sepia from the middle Eocene. Weaver et al. (2007) considered that the middle Eocene Anomalosaepia was a direct ancestor of Sepia. Late Eocene belosaepiid fragments were close to separation of sepiids (Squires, 1988) . Jeletzky (1969) noted a transition between Sepiidae and Belosepiidae in the middle Eocene beds of the Paris Basin. Hence Sepia may have evolved in the early part of the Eocene (Jeletsky, 1969; Squires, 1988; Weaver et al., 2007; Neige et al., 2016; Košťák et al., 2016) .
It is likely that belosaepiids became extinct in the late Eocene possibly related to seagrass decline in the North Atlantic. Yancey (2010) commented that their extinction was an apparent casualty of the rapid cooling of climate at the end of the Eocene. Decreased sirenian diversity during the early Oligocene could have been related to the change from Greenhouse to Icehouse conditions and subsequent development of Antarctic ice sheets (Vélez-Juarbe, 2014). This would have affected seagrasses, their consumers and led to local and global extinctions (Vélez-Juarbe, 2014) amongst other seagrass inhabitants such as cuttlefish and is an explanation for the lack of New World cuttlefish currently. Possibly the last fossil cuttlefish from the New World appeared in the late Eocene (Squires, 1988) .
Following the extinction of belosaepiids Sepia evolved from Oligocene archaeosepiids whose records come largely from Hungary and Italy (Košťák et al., 2017; . This seems to be similar to a pattern in marine vertebrates in seagrass involving extinctions or reductions at the end of the Eocene followed by new groups developing by the late Oligocene.
The rest of cuttlefish history is concerned with Sepiidae, mostly recorded from Europe. Sepia has been recorded from India and Australia (McNamara and Kendrick, 1994; Košťák et al., 2016 Košťák et al., , 2017 . There is a lack of evidence for fossil cuttlefish in the Indo-Pacific area, which now possibly represents the greatest diversity of cuttlefish.
The highest diversity and morphological disparity are seen during the middle Miocene; this is followed by a rapid decrease during the late Miocene and a renewed radiation during the Pliocene (Košťák et al., 2019) .
The lack of evidence of cuttlefish precludes a narrative from the late Pliocene-Recent. However, a speculative story based on evidence from elsewhere can be made. Pimiento et al. (2017) indicated a marine megafaunal extinction event, which included reduction of sirenians, near extinction of seals and extinction of the shark Cosmopolitodus hastalis (Figure 3 ). This suggests a reduction in seagrass and its fauna including cuttlefish which seals and possibly Cosmopolitodus hastalis used as prey. Cuttlefish may then have increased during the Pleistocene to occupy generally shallow marine areas except for the New World. The diverse cuttlefish fauna currently may hence be recent.
Seagrass and Late Cretaceous Cephalopods
Although this account is focused on cuttlefish, records of other cephalopods from the Late Cretaceous may indicate a wider relationship to seagrass. Doyle et al. (1994) established the cuttlefish family Actinosepiidae for Actinosepia. However, Hewitt and Jagt (1999) placed Actinosepia into Trachyteuthididae (i.e., vympyromorphid coleoids) where it remains. For instance, Actinosepiidae was not regarded by Košťák et al. (2013) in their sepiid phylogeny. Russell and Landes (1940) recorded Actinosepia canadensis from sandy shales from Manyberries (Alberta, Canada) (Bearpaw Formation, late Campanian) associated with a large molluscan fauna which contained two lucinids (PDB 82638). Larson (2010) noted Actinosepia canadensis presence in North America and noted its prevalence in the Bearpaw Shale of Alberta and Montana. Actinosepia canadensis was also recorded from argillaceous siltstone of the Hoploscaphites nicolletii ammonoid zone, Trail City Mem-ber and Timber Lake Member (Fox Hills Formation, late Maastrichtian) from the Black Hills (South Dakota, USA) associated with large molluscan faunas including a lucinid bivalve (Landman and Waage, 1993; PDB 88510, 88511) . Molluscan faunas including Actinosepia also contained Scaphitidae species (PDB 82638, 88510, 88511) , which Arkhipkin (2014) suggested might have coiled around seagrass stems. Actinosepia and heteromorph ammonites may represent a more general association of cephalopods with seagrass in the Late Cretaceous which is not investigated further in this account.
Ecology
There are several aspects of cuttlefish palaeoecology that may be interpreted from the evidence presented. In particular aspects of reproductive strategy and predator-prey aspects may be determined. Cuttlefish reproduction. It may be that a number of fossil records are related to cuttlefish spawning in seagrass, particularly where large numbers of apparently adult specimens were found (e.g., Weaver and Ciampaglio, 2003; Yancey et al., 2010; Košťák et al., 2016) . Extant cuttlefish also spawn in other environments such as algal . Carrasco and Pérez-Matus (2016) showed that the squid Doryteuthis gahi has specific requirements for spawning. Cuttlefish may also have particular requirements, which appear to have been met by seagrass in the past.
The term nursery has wide currency but has not been closely defined (Beck et al., 2001; Heck et al., 2003) . Heupel et al. (2007) provided a definition of shark nursery as including sharks more commonly encountered, remaining or returning and site used over time. Nursery site might be used by several species (Heupel et al., 2007) . While these criteria are difficult to apply in the past, they could include the evidence presented here for cuttlefish and seagrass. The evidence presented here suggests that fossil cuttlefish, including possible juveniles, are more commonly encountered in interpreted past seagrass environments, and some sites have been used over time by more than one species (Palmer, 1937; Palmer and Brann, 1965; Hewitt and Pedley, 1978; Neige et al, 2016) . This would fulfil the requirements of nursery noted above.
This reproductive behaviour in cuttlefish may have evolved soon after the first seagrass in the early Campanian (van der Ham et al., 2007) and continued to the present day. This not only indicates a certain longevity but also fidelity in this relationship. Cuttlefish may be part of a developing general pattern of taxa entering into and maintaining a relationship with seagrass, shown also by foraminifera (Hart et al., 2016) , ostracods (Forsey, 2016) , sirenians (Domning, 2001; Vélez-Juarbe, 2014) and various gastropods including the nerite Smaragdia (Reich, 2014; Reich et al, 2015) .
A recent analysis of tropical reef biodiversity dynamics indicated the Mediterranean area as the global biodiversity hotspot for the Miocene (~20 Ma) (Leprieur et al., 2016) . This is likely to impinge on seagrass fauna such as cuttlefish. Košťák et al. (2016) commented on the high diversity of sepiids (at least nine species) during the middle Miocene of Central Paratethys (part of the Mediterranean area), which may have been a global biodiversity hotspot in which seagrass played an important part.
Cuttlefish possibly spend a minority of their time in seagrass and visit other environments (Jackson et al., 2015) including algal (Koulouri et al., 2016) . However, a critical relationship with seagrass involves spawning whereupon the adults are weakened and die or become easy prey for predators. For instance, Finn et al. (2009) and Smith and Sprogis (2016) described the hunting behaviour of the Indo-Pacific bottlenose dolphin (Tursiops aduncus) on the giant cuttlefish (Sepia apama) in Australia related to spawning in seagrass. Predator-prey relationships. Alves et al. (2006) examined gut contents of Sepia officinalis from southern Portugal and noted the presence of fish, worms, molluscs and crustaceans. These included several sparid fish, which may have come from seagrass environments. Predators include dolphins, sharks, fish, seals and other cephalopods. Stomach contents of dolphins indicated that they preyed on a variety of fish and cephalopods including sparid fish and Sepia sp. (Barros et al., 2000; Fernandez et al, 2009) . Dolphins have been observed hunting cuttlefish in seagrass environments (Finn et al., 2009; Smith and Sprogis, 2016) . Sepiidae were noted as a prevalent part of the diet of shark species from the seagrass of KwaZulu-Natal, South Africa (Smale and Cliff, 1998; Bandeira and Björk, 2001) . One of the sharks involved, the tiger shark (Galeocerdo cuvier) may act as a recent model for the extinct Cosmopolitodus hastalis noted in this account. Grey seal (Halichoerus grypus) scats and stomach contents indicated Sepia officinalis and the sparid fish Spondyliosoma cantharus (Ridoux et al., 2007) . Spondyliosoma cantharus was noted as suggestive of past seagrass in the Miocene of Kienberg (Czech Republic) (Brzobohatý et al., 2007) . Pierce et al. (2011) similarly reported that a large portion of Mediterranean monk seal (Monachus monachus) diet was from cuttlefish.
For some of the records noted in this account it is possible to outline possible predator-prey scenarios involving fossil cuttlefish and hence to suggest a degree of functional uniformity from the Campanian to the Recent. The selected records below indicate diverse, prey rich environments powered by seagrass.
As already noted Actinosepia canadensis was recorded with molluscan faunas containing lucinids and Solemya (Russell and Landnes, 1940; Tsujita, 1995; PDB 82638) from the Bearpaw Formation (late Campanian), Alberta, Canada. Possible predators in seagrass included sharks (Squalicorax) and a variety of mosasaurs (Holmes, 1996; Koni-shi, 2012; Konishi et al., 2011 Konishi et al., , 2014 Cullen et al., 2016; PDB 181024, 119087, 119088, 119089, 23368, 107428) . Possible prey included decapods and fish (Konishi et al., 2011) .
Cuttlefish (Anomalosaepia, Belosaepia) (Powell and Baum, 1982; Weaver and Ciampaglio, 2003; PDB 5366, 5367) have been recorded together with lucinids and sirenians (Palmer and Brann, 1965; Domning et al., 1982; Beatty and Geisler, 2010; PDB91736, 91737) from the Castle Hayne Limestone Formation, (Bartonian, middle Eocene) North Carolina, USA. Possible predators in seagrass included the early cetacean basilosaurids (Uhen, 2005 (Uhen, , 2013 Beatty and Geisler, 2010; PDB 5386, 5387, 7297, 7299, 41822, 60452, 75518, 99753, 132664, 132701, 133023) and sharks (Otodus, Isurus) (PDB 5386, 5387). Possible prey included fish (PDB 5387).
Belosaepia was recorded with pinnid and lucinid bivalves (Haasl and Hansen, 1996) from the Yazoo Formation, (Priabonian, late Eocene) Mississippi, USA. Possible predators included basilosaurids, sharks and palaeophiid snakes (Uhen, 2005 (Uhen, , 2013 PDB 6802, 45627-45634, 45639,55689, 55868,55869, 32926, 135787, 132843, 132844,132820, 13822-138225, 132666, 132667, 131912, 131913, 84058, 32925) . Possible prey included decapods and fish (PDB 3295). Košťák et al. (2016) commented on the high diversity of sepiids (at least nine species) during the Badenian (middle Miocene) of Central Paratethys. One of the sites was Devínska Nová Ves, Slovakia. As noted, seagrass was interpreted on the basis of foraminifera, ostracods, sirenians, lucinids and gastropods (Švagrovský, 1981; Domning and Pervesler, 2012: Zlinská et al., 2013) . Possible predators in seagrass included sharks (such as Cosmopolitodus hastalis) and phocid seals (Koretsky and Holec, 2002; Sabol and Kováč, 2006; Koretsky and Rahmat, 2013; PDB 58983) . Elsewhere in central Europe, dolphins have been recorded. For example, Czyżewska and Radwański (1991) recorded delphinid remains together with sirenians from Poland. Prey might have included fish (including sparids such as Diplodus) (Holec and Sabol, 1996; Gregorová, 2009 ) and decapods (Hyžný et al., 2012; Hyžný, 2016; PDB 145936) . Košťák and Jagt (2018) recorded Sepia fabianschwankei from the Meistermann clay pit (Twistringen Beds, Langhian, middle Miocene) (Lower Saxony, Germany). Seagrass interpretation was based on molluscs (Janssen, 1972) . A diverse fish fauna recorded from the Twistringen Beds (PDB 161965) provided prey and included possible predators such as Cosmopolitodus hastalis. Rahmat et al. (2019) recorded the phocid seals Homiphoca capensis and Homiphoca sp., from the Huelva Sands (early Pliocene, southern Spain) from where Mayoral and Muñíz (1994) had recorded Sepia (Parasepia) melendezí. The Huelva Sands have been interpreted as seagrass by bivalves and ostracods (Mayoral and Reguant, 1995; Muñiz et al., 1999; Ruiz et al., 2008 Ruiz et al., , 2018 Esperante et al., 2009) .
Future for Cuttlefish
Cuttlefish may be affected by increasing ocean acidification. Sigwart et al. (2016 and references therein) have drawn attention to the effect of elevated carbon dioxide levels, subsequent reduction in oceanic pH and the effect on cuttlefish with particular emphasis on early life history. Kaplan et al. (2013) noted that acidification affected development of statoliths in the squid Doryteuthis pealeii. The same may be true of cuttlefish whose ability to swim for instance could be impaired.
While these experimental results are of concern, those cuttlefish largely inhabiting seagrass are likely to do better than these results suggest because of the effect of seagrass removing carbon dioxide in shallow environments and hence militating against lowering of pH (Hendriks et al., 2014 (Hendriks et al., , 2015 .
Sepia species form a relatively small part of coastal fisheries which seems to be decreasing against a background of increasing fish capture (Rodhouse et al., 2014) . Doubleday et al. (2016) have suggested that the preferential removal of cuttlefish predators such as seals, sharks and other fish may result in increased abundance. Global warming may enable cuttlefish to recolonise the New World via the Arctic (Xavier et al., 2016) .
The future of cuttlefish in shallow marine environments is strongly related to the success of seagrass. Unfortunately, the future remains uncertain for seagrass which is under threat from global warming and ocean acidification (Orth et al., 2006; Waycott et al., 2009 ) with some seagrass species facing extinction (Short et al., 2011) .
CONCLUSIONS
Seagrass has provided a source of prey, protection, spawning and nursery areas for cuttlefish for possibly 80 million years. The absence of cuttlefish from the New World dates from the end of the Eocene and may be related to seagrass reduction, loss of suitable spawning and nursery areas and reduction in prey. Extant cuttlefish (Sepia spp. and related forms) may have had their origin in the middle Eocene, but their current diversity may be recent. The record of fossil cuttlefish may be explained by their relatively unique taphonomy related to seagrass. The rarity of cuttlefish fossils elsewhere is possibly related to taphonomic processes, which need to be better understood.
